A calculation method for the X-ray profiles from small, needle-like crystallites [Yficel, Rautureau, Tchoubar & Tchoubar (1980). J. Appl. Cryst. 13, 370-374-1 is applied to natural Eskisehir sepiolite mineral. By analysing the hkO reflections, quantitative results are given on the average cross-sectional dimensions, their distribution, preferred directions of growth, lattice parameters, hydration state, and imperfections. Practical methods for the determination of the zeolitic water content and the importance of boundary effects are proposed.
I. Introduction
Besides giving information about the average crystal sizes and reticular distances, the quantitative analysis of the X-ray powder profiles also leads to reliable results , on crystal structure and defects in three-dimensional repetitions. In the first part of this study (Yficel et al., see also, Yficel, 1978 , the principles of the calculation procedure of the X-ray powder profiles of small, needlelike crystals were given. There, owing to small crystal size, the necessity to take into account the variation of the structure factor within the domain of existence of the reflection was stressed. Besides this, a quantitative analysis also necessitates the recording of the experimental spectrum on an absolute scale (Pons, Ben Brahim, Yficel, Tchoubar & Tchoubar, 1980) . These two points -the proposed calculation procedure and working at absolute scale -form the basis of the results presented in this work. The sample investigated belongs to a family of clay minerals called sepiolites which are fibrous magnesium phyllosilicates with ideal chemical formulas of half-unit cell Sil 2MgsO3o(OH)4(OH2)4.8H20.
The crystal structure of the mineral is orthorhombic Pncn with lattice parameters a=13.37, b=26.95, c=5.24 A (Brauner & Preisinger, 1956; Rautureau & Tchoubar, 1976) . The projection on the (001) plane is * This article forms a part of the PhD thesis of Dr Atila YiJcel submitted to Ankara University (September 1978). 0021-8898/81/060451-04501.00 shown in Fig. 1 . The natural channels within the structure which are normally filled with zeolitic water give to this mineral interesting physico-chemical properties (Caill6re & H6nin, 1961; Serna & Van Scoyoc, 1979) .
Eskisehir sepiolite is the most poorly crystallized member of this family with an average fiber length of about 500 A. The cross-sectional dimensions as viewed by electron microscopy are around 200 A (Rautureau & Yficel, 1976) . These dimensions make the specimen a good application material for the calculation method developed in part I (Yficel et al., 1980) . Quantitative profile analysis of the hkO reflections has led to the investigation of the following properties:
(a) preferred directions of growth and dimensions of the cross section of the fibers;
(b) anomaly of lattice parameters; (c) hydration state.
II. Experimental results
Specimens were prepared by crushing the natural mineral in a crucible. The powder was then packed into a 0.5 mm thick rectangular sample holder, the two outer faces of which were covered by a thin polystyrene foil (30 pm thick), giving a weak scattering in the range where the diagram is recorded. 1980). Both the classical scintillation detector and a linear detector were utilized for the registration operation. Care has been taken to reduce the umbrella effect by limiting the beam height, especially at small scattering angles. Background scattering due to polystyrene foils and air was also recorded on an absolute scale under the same experimental conditions and subtracted from the spectrum of the sample. Lorentzpolarization and absorption corrections appropriate to the experimental conditions were applied. For this, each measured intensity value is multiplied by 16n 1+cos220o ( K ) ,)2 sin2 0 1 + COS 2 20 cos 2 200 cos 0 exp co~s0 ' where 2 is the wavelength of the radiation used, 0 is the scattering angle, 0o is the angle of reflection from the monochromator and K is the linear absorption coefficient of the sample.
Preferred orientation of the particles with respect to the specimen support was also checked: no observable orientation effect was discerned (de Courville, Tchoubar & Tchoubar, 1979) . The part of the experimental diagram consisting mainly of the hkO reflections is given in Fig. 2 .
(a) Preferred directions of growth and dimensions of the cross sections of fibers
Cleavage points of the mineral are the easily broken Si-O-Si bonds that join the talc-type 2:1 paving blocks together. This causes the cross-sectional planes to grow preferentially in the (110) directions.
High-resolution electron microscopy shows that the cross sections of the Eskisehir sepiolite fibers can be accepted with the longer side along [110] and the other along either [100] or [010] (Rautureau & Yficel, 1976) . With this information and assuming fixed dimensions for the particles, we obtained the calculated profiles. However, they were clearly not in accordance with the experimental curves (Fig. 3a) . Both the maximum value of the reflection and the tail part did not fit.
By using a Lorentzian shape transform function, much better results were obtained (Fig. 3b ). This shape function is typical of fiber cross sections including a small number of unit cells and a size distribution.
If the sides of all the cross sections are directed along [110] and [100], the elongation direction of these monodomains is at 27 ° to the [100] axis. The average orientation value that corresponds well to experimental profiles was found to be 20 ° . This result indicates the presence of some intermediate faces of higher indices, as shown by electron microscopy (Rautureau & Yficel, 1976) .
In addition, the dimensions of the average monodomain as deduced from the different reflection profiles seem to diminish with increasing h,k indices. With the values of the dimensions I and L of the rectangle sides, found for different reflections, the variations of 1/l and 1/L are plotted against s. Fig. 4 shows that these variations are linear. This implies that the unit cell is distorted with a constant statistical average volume.
The extrapolation of these straight lines to s = 0 gives the values of lo and Lo which represent the real average dimensions of the average monodomain not affected by distortions (Rousseaux & Tchoubar, 1977) . These values are Io=90, L0=225 and show the very small dimensions of the crystallites.
(b) Anomaly of lattice parameters
The experimental set-up used permits the registration of the positions of reflections with high accuracy. The positions of the hkO reflections are found to be displaced from their theoretical positions calculated from the parameters of the better crystallized samples (Nagy & Bradley, 1955; Brauner & Preisinger, 1956; Brindley, 1959; Zvyagin, 1967; Rautureau & Tchoubar, 1976) .
For each hkO reflection, variations of a and b parameters can be introduced to simulate the cell distortions.
Each curve of Fig. 5 represents the sets of possible solutions for a and b parameters which justify the experimental positions of each reflection (independently one from the other). If the structure is perfect, a single solution would appear, given by the crossing point of the three curves. Fig. 5 shows that the 150 reflection parameters are incommensurate with the cell parameters defined from the point A or the 130 reflection parameters are incommensurate with the cell parameters defined from the point B.
The experimental diagram being obtained at absolute scale, it is possible to fit not only the position but also the intensity of the reflections, that is to say to find accurately the structure factor anomalies. It seems reasonable to consider that the most unstable parts of the unit cell are the zeolitic water molecules.
(c) Hydration state
The calculated profiles are found to be very sensitive to the amount of zeolitic water assumed to be present in the channels of the structure. Fig. 6 shows the calculated profiles of the 110 and 130 reflections when one removes the zeolitic water molecules from their different crystallographic sites.
The comparison of the experimental profiles with the theoretical ones shows that the 4(c) zeolitic water molecules occupying the centers of the cavities are absent for the sample considered.
The deficit of zeolitic water found for the sample may cause a rotation of the surrounding paving blocks and give to the structure a form similar to the dehydrated state of the sample, reducing the a parameter. Thus, in ]UU ~k ' the domain investigated, the most sensible reflection will be the 200. Indeed, an anomaly in the lattice parameters was found for this reflection. Its position could only be recovered with an a parameter value of 12.90 A. The structural deformations by partial rocking of the paving blocks in the unit cells, which explain the X-ray diagram profile, can be detected in the electron microscopy image (Fig. 7) . The results given from the Xray diagram show that the unit-cell deformation seen in the image is not induced by the vacuum in the electron microscope but characteristic of the divided state of the sample.
I I
The structure of these poorly crystallized sepiolite fibers is an intermediate state between two definite states: the perfect hydrated one and the perfect anhydrous one (Preisinger, 1963; Rautureau & Yiicel, 1976) . In this last state the paving blocks are alternately rocked to form a herring-bone pattern.
